Introduction {#s1}
============

Nasopharyngeal cancer has a low incidence rate worldwide, which comprises just 0.7% of all cancer globally in 2018 \[[@R01]\]. However, in some regions such as Southeast Asia and southern Asia, nasopharyngeal cancer is an endemic cancer with a high mortality rate \[[@R02]\]. Metastatic disease and diagnosis in advanced stage contributed to those high mortality rates in those endemic regions \[[@R02]\].

Nasopharyngeal cancer in its early stage is a manageable cancer with relatively good prognosis. Even in case of locally advanced stage, nasopharyngeal cancer treated with concurrent chemoradiotherapy could reach up to 87% locoregional control rate in 10 years \[[@R03]\]. Major cause of treatment failure is distant metastasis \[[@R04], [@R05]\]. Survival of those relapsed and metastatic nasopharyngeal cancer remains poor \[[@R05]\] despite the advancement in various aspects in systemic therapies.

Current and past researches have put a great focus in understanding the biology of nasopharyngeal cancer with hope to find various effective major targets that can potentially be targeted to inhibit the growth of cancer cells. Exploring the pathogenesis of nasopharyngeal cancer and devising molecules to block those abnormal signaling molecules were proposed in the last several decades. That kind of targeted therapy approach seemed to be very promising in inhibiting the growth of cancer cells. However, the results of that targeted therapy, such as anti-epidermal growth factor receptor (EGFR) \[[@R06]\], and anti-Epstein-Barr virus (EBV) viral proteins \[[@R07]\], have been proven to be only mildly effective with just modest to no survival benefit.

Another systemic strategy, which focused on employing self-immune system in combating cancer, is being explored with a remarkable success rate in various cancers. In some subsets of cases, immunotherapy could even reach complete remission or significantly prolonged survival \[[@R08]-[@R11]\]. Based on those successes, currently there are a lot of studies ongoing to explore and understand more about immunotherapy.

Furthermore, nasopharyngeal cancer varies greatly from region to region. In Western countries, not just is the incidence low, but also the most common histology is keratinized WHO type I and II nasopharyngeal cancer \[[@R12], [@R13]\]. Whereas in Eastern countries, such as Indonesia, almost all of the nasopharyngeal cancer histology in Indonesian population was non-keratinized undifferentiated histology WHO type III \[[@R14]\].

The pathogenesis of undifferentiated nasopharyngeal cancer is EBV-related. Virus-related cancer is supposed to be more immunogenic; thus this kind of cancer will present with a distinct tumor biology which requires understanding of its pathogenesis. Devising immune-related target to combat this kind of cancer will require slightly different approach. This review will focus on a specific overview about immune-related molecular approach in combating nasopharyngeal cancer especially in those with EBV infection.

Role of EBV in Nasopharyngeal Cancer {#s2}
====================================

Nasopharyngeal cancer, in particular non-keratinized undifferentiated histology, is closely related with EBV infection. EBV DNA was found in almost all undifferentiated nasopharyngeal carcinoma specimen \[[@R15], [@R16]\]. EBV infection in pharyngeal epithelial progresses from lytic infection to latent infection \[[@R17]\]. The latter has been proven to be closely related with the carcinogenesis of nasopharyngeal cancer \[[@R17]\].

Despite in latent mode, EBV in nasopharyngeal cancer cells continued to express various viral proteins such as the EBV nuclear antigen 1 (EBNA1), latent membrane protein 1 (LMP1), LMP2A, and LMP2B \[[@R18]\]. Those viral proteins served to maintain a balanced viral replication, sufficient enough to maintain viral latent infection while at the same time limited protein expression to prevent presentation of viral antigen to immune system \[[@R19]\]. Almost all latent EBV proteins were oncogenic but weakly immunogenic \[[@R18]\].

EBV proteins are oncogenic due to its ability to inactivate host tumor suppressor gene and interact with host cellular gene expression regulator to upregulate gene associated with pro-survival. EBV LMP1 in nasopharyngeal cancer has been shown to promote methylation at phosphatase and tensin homolog (PTEN) promoter site, thus silencing this important tumor suppressor gene in human \[[@R20]\]. EBNA1 has been shown to be associated with multiple chromosomal binding sites, which modulate multiple pro-survival gene expression \[[@R19]\].

EBV infection alone is not sufficient to promote cancer growth in nasopharynx. Underlying genetic makeup, variations of human leukocyte antigen (HLA) complex on chromosome 6 have been linked to increased susceptibility of certain individuals contracting nasopharyngeal cancer \[[@R17], [@R21], [@R22]\]. Apart from that, possible inherent loss of heterozygosity on chromosomes 3p, 9p, and 14q \[[@R23]\], which coded for tumor suppressor genes, further increases the probability of developing abnormal cancer cells.

Further somatic mutation in the initial loss of heterozygosity genes transformed the epithelial cells into precancerous cells. Various whole exome and whole genome studies have confirmed the association between those tumor suppressor genes, such as p16, RASSF1A, and MST1R with increased risk of nasopharyngeal cancer \[[@R24]-[@R26]\]. Those tumor suppressor genes could be inactivated by direct somatic mutation to the gene sequence or hypermethylation at its promoter site by various EBV proteins, thus inactivating those essential tumor suppressor genes and transforming those cells to become precancerous cells.

Recent studies indicated the role of microRNAs in further transforming cells into malignant phenotype. Specifically, in nasopharyngeal cancer, EBV genome contains multiple regions coded for microRNAs \[[@R27]\]. EBV microRNAs have been shown to control EBV protein expression such as LMP1 \[[@R28]\]. Furthermore, EBV microRNAs modulate various host gene expression, such as by promoting anti-apoptotic proteins \[[@R27], [@R29]\]. With all those factors interplaying together in concert, epithelial cells initially at risk and infected by EBV could develop in cancerous cells.

Escaped Immune Surveillance as Nasopharyngeal Cancer Progresses {#s3}
===============================================================

In normal condition, cells infected by virus will present the viral antigen through major histocompatibility complex (MHC) Class I complex thereby attracting cytotoxic T cells to eliminate the infection. However, in EBV infection in epithelial pharyngeal cells, there are multiple EBV proteins, such as BCRF1, BILF and BNLF2a, which work to inhibit antigen presentation processes \[[@R30], [@R31]\]. Those viral proteins make EBV downregulate MHC Class I complex and make EBV antigens process poorly, thus resulting in immune escape.

Even in case of successful presentation of antigens to the immune system, cancer cells are able to escape immune attack by expressing immune checkpoint molecules. Nasopharyngeal cancer is a cancer with high expression of programmed death ligand 1 (PD-L1) molecule \[[@R32], [@R33]\], one of the most extensively studied checkpoint molecule on cancer cells. Increased PD-L1 expression in nasopharyngeal cancer has been shown to be associated with LMP1 EBV protein \[[@R34]\]. Interaction of PD-L1 in cancer cells and PD-1 in T lymphocytes leads to downregulation of immune response, thereby preventing attack of cancer cells by cytotoxic T cells.

Complicating the situation, cancer cells are able to downplay pro-inflammatory signals. There is evidence indicating local tumor microenvironment milieu bathed with immune suppression signals in nasopharyngeal cancer \[[@R35]-[@R37]\]. Despite high level of tumor infiltrating cytotoxic and helper T cells in nasopharyngeal cancer \[[@R38]\], attack of cancer cells remains blunted due to chemokines secreted by cancer cells such as CCL20 \[[@R18], [@R36]\]. CCL20 is a chemokine that functions to recruit T regulatory cells, a subset of T cells that counter-regulate inflammation.

With all those mechanisms in EBV-associated nasopharyngeal cancer, it is not surprising that though the cancer cells contain viral antigen, it is still able to escape immune surveillance. Tremendous efforts have been made in recent decades to understand and explore the possibility in interfering some or all of those mechanisms that downplay immune response. A few current works of the aforementioned strategy will be discussed in the next section.

Current Works in Progress for Potential Immune-Related Target Blockage in Nasopharyngeal Cancer {#s4}
===============================================================================================

Based on the understanding of EBV-associated nasopharyngeal cancer pathogenesis and mechanism of immune escape, several novel approaches can be employed to combat nasopharyngeal cancer. Targeting pathways that lead to cancer progression such as targeting EBV proteins or blocking downstream pathway that promotes survival may be an option, but this approach seems to only retard cancer cells progression and does not specifically result in cancer cell death. Another approach by targeting pathways that modulate immune system in attempt to increase viral or tumor antigen presentation, blocking immune checkpoint, or blocking immune suppression seems to lead to a better result.

Immune checkpoint inhibitor has shown activity in several trials in nasopharyngeal cancer \[[@R39], [@R40]\]. Result of phase 1 KEYNOTE-028 study, which administered pembrolizumab (anti-PD-1) to recurrent or metastatic nasopharyngeal cancer, indicated beneficial effect in 21 out of 27 patients who experienced stable to partial response over a period of 20 months \[[@R39]\]. The preliminary result of phase 2 trial with tislelizumab (an anti-PD-1) which was presented in ASCO 2019 meeting showed 43% objective response rate and 10.4 months of progression-free survival (PFS) in those with advanced metastatic or recurrent nasopharyngeal cancer. This was shown to confer longer PFS compared to historical control (PFS of 7 months) with second-line chemotherapy \[[@R41]\]. However, the survival benefit is yet to be proven in phase 3 study.

Another study administering nivolumab (anti-PD-1) to treat recurrent and metastatic nasopharyngeal cancer resulted in one patient experiencing complete response \[[@R40]\]. Though 1-year overall survival remained low, survival was just 59% in that nivolumab study \[[@R40]\]. The possibility of complete response after immune checkpoint inhibitor indicated that blocking that immune checkpoint axis was on the right path, but immune checkpoint inhibitor alone was not enough to enable immune cells to fully eradicate cancer cells.

Another strategy to increase cancer cells killing by immune cells is to incorporate radiotherapy with immune checkpoint inhibitor. Radiation has been proven to induce upregulation of tumor antigen MHC Class I complex, thereby increasing antigen presentation \[[@R42], [@R43]\]. Radiation also results in cancer cell deaths, thus releasing tumor neoantigen which then was phagocytized, processed and presented by dendritic cells to T helper \[[@R43]\]. Overall, radiation to cancer cells results in increased presentation of tumor neoantigen to immune system. However, at the same time, cancer cells upregulate immune molecule which is immunosuppressive. Therefore, combined immune checkpoint inhibitor and radiotherapy will overcome mechanism of resistance when individual treatment is employed.

Various pre-clinical studies and case reports have shown tremendous benefit directly or indirectly in combination of immune checkpoint inhibitor with radiotherapy. Radiation has been shown to upregulate PD-L1 expression *in vitro* and *in vivo* in pre-clinical model \[[@R44], [@R45]\]. Early clinical evidence, currently based on case reports in recurrent metastatic nasopharyngeal cancer, showed durable response even in case of distant failure in heavily pre-treated nasopharyngeal cancer. Two cases, one with pembrolizumab and the other with nivolumab, underwent sequential combination of immunotherapy with radiotherapy showed complete response after all other conventional treatment has failed \[[@R46], [@R47]\]. Radiotherapy was sandwiched between immunotherapy in those cases.

Other possible immune-related approach to combat nasopharyngeal cancer is T regulatory depletion, cancer vaccine, and adoptive T cell transfer. In Treg depletion, various monoclonal antibodies directed against Treg or various chemokines that promote Treg differentiation can be used. However, most studies in Treg depletion are still in pre-clinical setting \[[@R48], [@R49]\]. More data will be required before it can enter clinical studies, because there are still conflicting results in this Treg depletion studies. In cancer vaccine and adoptive T cell transfer, EBV latent protein antigens are commonly employed as the target. Most of the studies in cancer vaccine and adoptive T cell transfer are still in phase I/II studies \[[@R50]-[@R52]\]; however they have shown some interesting signs of clinical benefit in selected population.

Conclusions {#s5}
===========

In recent decades, cancer treatment paradigm has shifted its focus from targeting pathway of carcinogenesis to modulating immune system to enhance immune attack directed toward cancer cells. The immunotherapy seems to offer a greater hope. Although as solo treatment, complete and durable response was only observed in a very limited number of cases. When combined with other modalities, in particular radiotherapy, enhanced response was observed. Especially in nasopharyngeal cancer, where cancer carcinogenesis is closely related to EBV infection, the molecular to biological landscape might be somewhat different. Therefore, a better understanding and trials are required to fully explore this immunotherapy capability or its combination toward combating nasopharyngeal cancer.
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